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FOREWORD 


The  work  completed  under  the  snli  joct  ;;r;mts  1 ii'S  m.i  i n 1 y in  iv.o  are.i.-:: 


studies  related  to  LotlLne  atom  lasers;  studii's  of  electronic  to  vibrat  Iona  i 


energy  tr.msfer.  Four  [uibl  ii-at  ii'iis  accurately  summar  ize  the  work  compKtiil. 
Since  these  publ  icat  ii>ns  have  all  appeared  in  .recogn  i7o.'d  journals  and  iiavi 
been  discussed  in  prior  reports  we  shall  n>'  reconsider  t lu-ni  at  lenjuti  ’n 
this  final  report.  Wa  shall,  however,  summarize  each  distinct  study  and 
reference  the  appropriate  publ  ic. it  ion. 


A.  Production  of  I'.l  e^.  t ron  ica  1 1 y Excited  Iodine  Atoms,  Kolli>wing 


Injection  of  111  into  ti  I'low  of  Dischttrged  Oxygen 


The  emission  from  the  transition  I*(l'  F )->■  I(h‘P..,„  ) ;it  1 . 'll  5. 


following  injection  of  HI  into  a m i crc'wave-d  i scharged  Hc/Ot  flow  was  stufiied. 
Relative  r’(5^P,  ) emission  intensities  weri  recorded  .is  a function  of  111 


ainl  Ot  flow  rates  and  as  a function  of  tine  after  injection.  Pulsed  . ,iin 
measurements  using  an  iodine  photed i ssocial ion  laser  as  a source  shotoed 


that  the  ratio  * / ( N ^ + N'^  ;V ) s O.lS-0.25,  is  less  than  Lh.at  required  for 

population  inversion  This  observat  ion  was  discussed  in  terms  of  known 


chemical  processes  involving  0(^P),  HI,  0~('‘.g)  and  iodine  atoms. 


Reference:  R.  .1.  Pirkle,  d.  R.  Wiescnfeld,  C.  C.  Davis,  G.  J.  Wolga.  and 

R.  A.  McFarlane,  lEEF  .In.  Qu.int  . Elect..  Vol.  QE-11,  No.  10, 
p.  834,  October  1975. 


B.  Output  Mode  Spectra,  Comp.irat  i Ve  Parametric  Operation,  Qiienciiing, 


Photolytic  Reversibility,  .ind  Siiort-Piil  se  Generation  in  Atomic  Iodine 


Photodissociation  Lasers 


The  advantages  and  disadvantages  of  the  atomic  iodine  photo- 
dissociation  laser  for  high-energy  operation  were  considered.  Laser 


excitation  by  both  slow  .ind  fast  fl.ashlamps  was  investigated;  in  slow 
flash  excitation,  self-mode-locking  occured  frequently  and  the  output-modo 
characteristics  of  the  laser  operated  in  this  way  v;ore  studied.  The 
c.imparat  ive  performance  of  different  parent  materials  for  pliotodissoc  i.it  ion 
was  investigated  in  the  fast  flash  mode  of  excitation.  This  mode  of 
excitation  gave  higher  energy  laser  output  and  efficiency  and  less  pyrolysis 


of  the  parent  material.  These  observations,  and  the  plioti'lytie  levi  rs  ib  i 1 it  v 
characteristics  of  different  materials  in  repetitively  photolyced  opiaatum, 
were  discussed  in  the  light  of  the  most  recently  av'ailahle  binetio  data; 
i-Cjf^l  i-s  the  material  of  choice  for  laser  operation.  Finally,  limiL,>  to 
the  ability  of  atomic  iodine  photodissociation  1 aser/ampl  i f Il  T (s)  s\  .ae:-.is 
to  generate  and  amplify  short  duration,  higli-onergy  pulses  set  by  intralovol 
relaxation  effects  and  coherent  intc'ract  ions  v.’ere  discussi-d. 

Reference:  C.  C.  Davis,  R.  J.  Pirkle,  R.  A.  McFiirlane  and  G.  J.  V.'olga, 

IEEE  Jn.  Quant.  Elect.,  Vol  . QE-12,  N’o.  6,  p.  334,  June  197b. 

C.  Self-Mode-I.ocking  of  an  Iodine  Photodissociation  Laser 

The  observation  of  self-mode-lock ing  of  an  iodine  photodissoc  iat ion 
laser  was  reported.  Typical  laser  output  had  the  form  of  a train  of 
fully  or  partially  mode-locked  relaxation  spikes.  Simul taiu‘o\is 
oscillation  in  at  least  eight  longitudinal  modes  and  locking  of  both 
longitudinal  and  transverse  modes  was  observed. 

Reference:  R.  J.  Pirkle,  C.  C.  Davis,  and  R.  A.  McFarlane, 

Journal  of  Applied  Physics,  Vol.  46,  p.  4083,  1973. 

D.  Observation  of  E-V  Energy  Transfer  from  O^CaVig)  to  HE 

Infrared  emission  from  HF(v=l)  and  HF(v=2)  was  observed  wiion  HE 
was  added  to  a discharged  mixture  of  oxygen  and  helium.  A first  order 
dependence  of  llF(Av=l)  emission  on  02('og“^^2g)  emission  was  observci.!. 
This  suggested  that  the  energy  transfer  occurred  directly  from 
rather  tlian  from  O.^('Y.g).  Transfer  from  the  latter  specie  would  have 
resulted  in  a second  order  dependence  of  on  [O2  ’Ag]  . E->-V  transfer 

from  O^C'Ag)  to  HCl  was  not  observed.  This  suggested  that  the  Ittrger 
energy  defect  for  the  transfer  to  HCl  was  important.  In  addition  the 
transfer  to  HCl  would  have  required  a Av=3  transition  in  HCl  which 
suggests  that  such  transitions  are  less  probable  than  are  Av=2 
transitions  as  took  place  in  HF. 

Reference : S.  Madronich,  J.  R.  Wlesenfeld  and  C.  J.  Wolga,  Chemical  Phvsics 

Letters,  Volume  46,  No.  2,  p.  267,  1 March  1977. 


